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0 Preparation of high activity silica-supported hydrotreating catalysts and catalysts thus prepared. 

Process for preparing silica-supported catalysts contain- 
ing 10-25 %w molybdenum and from 1-5 %w nickel and/or 
cobalt as hydrogenation metals, wherein a dried silica 
support is impregnated with an aqueous solution or an 
aqueous mixture obtained by contacting a hydrogenation 
metal compound with a nitrogen-containing organic ligand 
such as ethylene-diamine tetraacetic acid, diethylene 
triamine or nitriiotriacetic acid, in the presence of water. 
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PFEPARATION OF HIGH ACTIVITY SHJCA-SOPPQREED 

HXDicrrREaTiNG cswrnLYSTs ma CKnansrs raus prepared 

Ihe present ojivention relates to iniarovenents in the 
pneparatican of silica supported hydrotreating catalyst via aqueous 
methods. Silica-supported hydxDtneating catalysts, when prepared' by 
conventional aqueous pore-filling inpregnation with catalytically 
active metals, tend to have very poor activity cotpared to 
corresponding alumina-iased catalysts. This is thought to be 
because the metal oxides (M0O3, ^> interact very weakly with 

the support, and thus are very poorly dispersed on the support. 

Potentially, silica-tosed hydrotreating catalysts should 
perform well in treating residual oil feedstocks. Silica-based 
catalysts should be less prone to ooke formation than alumina-iased 
catalysts because of the lower acidity of silica. Since ooke 
deposition is a major catalyst deactivator in such applications, an 
active and stable silica-based catalyst could have an enormous 
15 inpact on hydrotreating such feedstocJts. 

Processes for hydrogenating olefins and arxanatics in the 
presence of catalysts ccnprising nolybdenum and nickel in a 
particular atonic ratio si?^»rted on siUca are known from U.S. 
patent specifications 3,167,496 and 3,167,497. These catalysts are 
prepared by conventional aqueous iitpregnation, preferably with the 
precursor of the moli^denian catalytic agent prior to iitpregnation 
with the precursor of the nickel catalytic agent. Uie moli4)dencBn 
ocnpound content ranges beto^een 12 and 35 %w (as JfaO^) r based on 
total weight of the catalyst. The nickel corpaund is preferably 
25 present in an amount to provide an atonic ratio of nolybdenum to 
nickel between about 2-3. 

In U.S. patent specification 3,420,771 a process is disclosed 
for hydrorefining an asphaltenic hydrocarbonaoeous charge stock 
containing either sulphurous or nitrogeneous cotpounds in contact 
with a catalyst prepared by iitpregnating hydrated silica which has 
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not been calcined (cxantaining 5-15 %w water) with fxon 4-30 %w of 
aqueous molj^jdenum conpounds prior to calcining. Preferably the 
catalyst also contains from about. 1-6 %w nickel. Nickel nitrate 
hexalydrate and i*osphcnDli*dic acid are suggested as the source of 
catalytically active metals. 

These prior art methods of preparing silica-si?parted 
catalysts all suffer frcn the disadvantage of poor cat^ytic metals 
distribution on the si^jport. It has now been found that 
sllica-^ased hydrotreating catalysts vtoLch overocme this 
disaflrantage by having an iicprowed dispersion of metals cn the 
sastatt, thereby greatly increasing catalyst activity, can be 
prepared via an aqueous method when use is made of certain large 
nitxogren-oontaining organic caxpounds. 

The panesent invention thus relates to a process for pr^parinj 
silica-suE5»rted catalysts oontaining 10-25 %w nol^xlenum and from 
1-5 %w nickel and/or oc*>alt as hydrogenation metals, which 
ocxtprises liqpregnating a dried silica support with an aqueous 
solution or an aqueous miscfcure obtained by coitacting a 
hydtogen^cn metal oonpound with a nitrogen-containing organic 
ligand in the presaioe of water. 

Without wishing to be bound to any particular theory, it would 
appear that the catalysts acoording to the present invention are 
pr'^ated by metix>ds which are believed to have in camon that they 
shut off the f ootatim of three-dinensional a»dde lattices that 
sulphide to large crystalUtes. Die ^^aroach presented herein 
involves the coordination of large, nitrogen-oontaining onganic 
ligands to an MoO^ fragment, ther^ preventing them frcm packing 
into the M0O3 lattice. Exanples of suitable nitrogen-cdtalning 
organic ligands ocnprise ethylenediamine tetraacetic acid (EDEA) , 
diethsrlene triamine (DT) , nitrilotriacetic acid (NEA) , derivativ^ 
thereof and related conpounds. 

«ien EOTA is used as large nitrogen-ocntaining organic ligand 
the process according to the present invention is suitably carried 
out by:- 
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(a) preparing a slirrry of about equal quantities of MdO^ and mrh 
in water to provide from 10 to 25 %w of Mo on said su^pcart; 

(b) adding from at least said equal quantity up to about a double 
quantity of (NH^)2O02 to the slurry and mixing same; 

5 (c) adding about half as nudi hydrazine to the xraLxture as the 
quantity of (^^)2^2 

(d) heating the mixture from step (c) to a tenperature sufficient 
to form (NH^)2CMo2^4<^^^^^ ^ ^ reasonable time; 

(e) inpregnating a dried silica support with the solution from 
10 step (d) at elevated tenperature; 

(f) drying the Mo-inpregnated silica at elevated tenperature; 

(g) inpregnating a dried silica support with a desired quantity of 
aqueous nickel and/or ccbalt salt solution either before or 
after step (e) ; and 

15 (h) drying the Ni and/or Co iitpregnated silica at elevated 
t e nperature. 

Methods for preparing nolybdenum conpounds used to prepare the 
ixoproved catal y sts acoorx3ing to the invention have been reported by 
R,C, Pecsock and D.T. Sawyer in J. Am. Chem. Soc, , 79 , 5496 (1956) 
and by D.T. Sawyer and J.M. MiKinnie in J. Am, Chan, Soc. , 82 4191 
(1960) . Hcxt^ever, a much nore tractable synthesis was devised for 
the method of the invention as follows: 



N H 

25 2M0O3 ™^ (NH^)2003 » (NH4)2CMo204(mrnA) 2 ^ CO^ ^ li^ 

Bie conpGund prespared in situ in >95% yield and inpregnated 
directly on the carrier. In additicxi to MdO^, suitstole Itob^ 
ccnpounds include the molybdates^ e.g., MdO^", ^2^7^ ^^^24^* 

50 An interesting feature of the preparative system described 

hereinabove is the observation of severe deactivation of the 
catalyst if heated above 200 *C in either N2 or O2 before 
sulphiding. At 400 ^'C nore than half of the activity has 
disappeared. The deactivation observed may well correspond to 

35 thermal (N2) or oxidative (O2) ligand degradation followed by 
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sintering of the resultant metal aod.de fragments. Bie X-ray 
diffraction patterns of the sulj^ded form of the active and 
deactivated catalyst were consistent with this explanaticn, with 
crystalline MoB^ being present in the deactivated catalyst, but not 
in the active versican. 

When OT is used as large nitrogen-oontaining organic ligand 
the process according to the present inwentlon is suitably carried 
oat hy:- 

(a) preparing a slurry of an ancunt of MoO^ and diethylene 
triamine in water to provide ftan 10 to 25 %w Mo en said 
support; 

(b) heating and ndxing the slurry in sufficient water to dissolve 
the Moo^; 

(c) inpregnating a dried silica si^iport with the solution frcm 
step (b) at elevated tenperature; 

(d) drying the Mo-inpregnated silica at elevated tenperature; 

(e) irapregnatijig a dried siUca support with a desired quantity of 
aqueous nictel and/or cobalt salt solution, either before or 
after Bbe^ (c); and 

(f) drying the Ni-Mo or Oo-Md inpiegnataed silica at elevated 
tesotperature. 

A suitable method for preparing the molybdenum conpound used 
in this particular enbodiment of the process acbording to the 
invention has been reported by w.F. Marzluff , Inort?. Chero. . 3, 395 
(1964) . Hhe oonpound may be prepared in situ by the leaction shown 
belxw aiid impregnated directly on the carrier. 



m addition to M0O3, suitable itoO^ ccnpounds Include the 
molybdates, e.g., MoO^^, Mo^O^'' and Ma^Oj^"^. x-ray diffeaction 
patterns and Raman spectra of a solphided catalyst prepared in 
aooordanoe with the inveition were consistent with the 
dispersion/activity ejiplanation presented hereinabove. 
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When NTA is used as large, nitrogen-cxaitaining organic ligand 
the procsess accxsrding to the present invention is suitably carried 
out by:- 

(a) dissolving an apprcprxatB amount of nitrilotriacetic acid in 
5 armonium hydrcxide; 

(b) adding to the mixture from step (a) an amount of MdO to 
provide from 10 to 25 %v/ Mo can said support; 

(c) heating the mixture in step (b) until the reaction is 
substantially ccnplete; 

10 (d) cooling the mixture frcm step (c) and adding an artount of 

nickel and/or cobalt salt to provide from 1-5 %w Ni and/or Co 
on said si:pport; 

(e) inpregnating a dried silica support with the aqueous mixture 
from step (d) ; 

15 (f) drying the Ni-Mo and/or Co-Mo impregnated silica at elevated 
tatperature. 

A suitable method for preparing the nolybdenum conpound used 
in this particular enixxiinent of the process according to the 
invention is as follows:- 
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Dispersion control was achieved by a general method whe3rdby a 

capping ligand was used on MoO^ to oontrol sterically the 

crystallinity of M0O3. Further limitations on !to particle size was 

attenpted by chelation of nickel on the edges of same of the 
-3 

OTA.M0O3 \mits, thereby interrt?)ting the McO lattice. 

Ihe above compound was prepared in situ and inpregnated 
directly on the carrier. In addition to MdO^, suitable MoO 
ccnpounds include the malybdates, e.g. ^ MoO^"^, ^2^7^ ^7^24"^' 

Suitable hydrotreating catalysts in accordance with the 
invention generally contain from 10-25 %w molybdenum and fixxn 
1-5 %w nickel and/or cobalt on a dried silica support. Preferably^ 
the catalysts will contain £rcm 10-20% mDli*)denum and from 2-4 %w 
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ni<dcel and/or ccabalt. Of the latter mstals, nickel is the nost 
preXened, 

Olie Ni and/or Co cxmpounds included in tte catalysts according 
to the inveition may be incorporated either before or after the Mo 
5 oaqpcund is impregnated therein \i4hen use is made of EDTA or IXT as 
the organic nitrogen canpound. Briar art methods for inoorporating 
these metals are well kncwn and are not critical to the performance 
of the catalysts of the invention. A sidtable method for 
incarporating nickel is given in Exanple 1. 

10 Ohe activity testing of the catalysts aooording to the present 

invention was dene in miczoreactor systems, ilese units axe of 
ocaiventiGnal, fixed^aed^ downflow design. Each unit consists of a 
127 irm O.D, xeaurtor with a preheat section, a phase separator and a 
large product tank. Unit pressure is controlled by a motor valve on 

15 the outlet gas line and inlet rate is maintairod by pressure 

drqp across a length of capillary tubing. lAPP pumps httb lased for 
ciiaxging liquid feed. Em e rgency circuitry autcmatically shuts down 
the unit in th& event of fire, high reactor tenperature, high or 
lew lanit pressure or loss of instnanent air. 

20 A standard catalytically-cracked heavy gas oil was used as the 

micxoreactor test feed (feed properties: 88.99% C? 9.68% B^; 
1.28% S and 482 FPiifiAil) « ote test conditions used were as follows: 
58.7 bar, 340-370 1.0-2.0 IflSV, 2-4 H^/oil mol ratio. 

Catalysts were crushed, screened to 0.3-1 nm and dried at 

25 482 ^^c for testing. To facilitate control of the reactor 

tesnperature the catalysts were diluted 1—1 by volume with a 
hi^-density alumina or silioon carbide ground to 0.3-1 imu Prior 
to processing hydrocarbon feed, the catalysts were presulphided at 
atmospheric pressure with 5% HjS in lig* Utaa teooperature program for 

30 the presulphiding was 2 hours at 204 **C, 1 hour at 315 and 

2 hours at 371 ^C, Depending upon the metals content, the catalysts 
will contain from 10-20 %w sulphur. 

In a typical Ni/Mo or Oo/Mo taydrotreating catalyst preparation 
method catalytically active metals are deposited on a support by a 

35 dry (pore volume) iinpregnation technique. In this method, the 
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support is iirpregnated with a quantity of metal-salt solution that 
is just sufficient to be absorbed in the pore volume of the 
support. The ijipregnating solution is ^nerally prepared in two 
parts initially. One part contains the irolj^sdenum salt and most of 
the water that can be used. After most of the molybdenum salt has 
dissolved (with heating and stirring) , h^o^ (30%) is added (about 
0.4 ml/g of Md) to aid solubilization. Tttje other part of the 
solution contains the Ni and/or Oo salt(s) and sufficient 
phosphoric acid (85%) to aid the solubility and stability of the 
solution and to include about 3 %w P in the catalyst. When both 
soluticBis are clear and cool, the Mo solution is added slowly (with 
vigocGus stirring) to the Ni-P or Oo-P solution. Bie conbined 
solution is then diluted to the proper volume and added slowly, 
usually in one or more steps, to the support. Hie inpregnated 
catalyst is dried at 121 for about 2 hours and then calcined in 
air at 482 for about 2 hours. 

A substantial increase in the hydrodenitrificaticn (HCXf) 
activity, relative to existing ooninercial catalysts, is required to 
oomnercialize a new hydrotreating catalyst. In an effort to develcp 
such an iirproved catalyst, a standard 72 tour HDN activity test was 
used to evaluate the various catalysts, m this test the 
hydrogenaticn (H^) , HDN and hydrodesulphurization (HDS) activities 
of a standard catalytically^-cracdced heavy gas oil were evaluated at 
344 •C and 57.8 bar partial pressure. Activities were oonpared 
based on observed rate constants for HDN and on plug flow kinetics 
for HDS. 

Suitable conditions for the hydroconversion processes using 
improved catalysts according to the inventicai are as followss a 
tenperature of 350-420 "C; a total pressure of 75-200 bar; a 
partial hydrogen pressiure of 60-200 bar; a space velocity of 
0.4-1.5 kg oil/1 catalyst/hour; and a hydrogen feed rate of 
250-2500 Nl/kg oil feed. 

The hydrodenitrification of heavy oil feeds according to the 
present process is preferably carried out under the following 
conditions: a temperature of 360-410 "C; a total pressure of 
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100-150 bar; a partial l^dnogen pressure of 80-150 bar; a space 
velocity of 0.4-1.0 kg oil/1 catalyst/hour? and a hydrogen feed 
rate of 500-1500 Nl/kg oil feed. 

The hydrogen applied can be pure hydrogen or a 
hydrogen-containing gas, preferably cne coroprising nore than 70% 
hydrogen. OSie hydrogen-<xaitaining gas may also cxxitain up to about 
10% of hydrogen sulphide. 

ISie invention will now be illustrated by the following 
^canopies: 
EXaMELE 1 

Two catalysts, A (alumina-based) and B (silica-based) were 
prepared for cjcrapariscai by a convTenticnal aqueous inpregnation 
method and were not prepared in accordance with the present 
invention. 

Catalyst A was a standard oonmercial hydcotreating catalyst 
(available jErom Shell Chanical Ocinpany) which was prepared by using 
a dry (pore volume) metals aqueous irqpregnation technique to inpart 
metals onto a ganma alusnina su^sport. !!Biis catalyst was prepared by 
the typical aqueous inpregnation method described herein above. Bie 
conposition of this alumina-iased catalyst is given in Table 1. The 
various hydrotreating activities of this catalyst were taJcen as 1 . 0 
for conparison. 

Catalyst B was prepared by inpregnatlng a dried Grade 57 
silica (from Davison Cheraical, a divisicn of W.R. Grace Co.) with 
the sane metals solution and dry (pore volume) technique vised for 
Catalyst A. Olie cccrposition of this silica-based catalyst is also 
given in Table 1. 

A silica-iased catalyst, C, was pcepared according to the 
present invention by slxirrying 14.4 g MdO^ and 14.6 g mCA in 50 ml 
H20. 20 g (NH^) 2OO3 were then added slowly. Upon cotpletion of this 
addition, 10 g Nj^^ were added and the mixture was heated at ref l\jx 
(ca. 90 *C) for 2 howrs. The solution volvime was then reduced to 
38 ml and the mixture was iitpregnated hot (ca. 90 ^'C) on 38 g of 
Davison 57 silica (0.35-0.85 irm) which had been dried at 400 ^'C for 
2 hours. This material was then dried for 18 hours at 120 "^C, 
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1^ J^for 12 hours, .he c«:positicn of Catalyst Cls also giv«. in 

A silica.*ased catalyst, D, was pr^ed according to the 
present in^tion bjr sl«tying 14.4 g MoO, in 25 ml h,0. Oto this 
^ added 11 aiethyj^ (KD^^voluc^ofthis 
"oxture was increased to 50 ml with water an^ the inixture was 
heated until all naterial had dissolved, .he solution volume was 
adjusted to 56 na with water and the hot solutix:n was used to 
^|P-^te 40 g Of 2 dia. silica q;*eres (available ccn^arx^y 

had been drxed at 400 for 2 hoax., naterial was then dried 

at 120 oc for 12 hours. 8.5 g of Ni <H,o, , (o^, ^ . acetatTl 
then dissolved in ccnc^trated NH.CH Ld'dilut^d to 30 „a wi^ 
same. 



Ohe dried catalyst precursor was then inpr^ted with this 
and dried at 120 -c for 12 hours. Ohe coopositioa of 
Catalyst D is also given in Mole 1. 

A silica^based catalyst, E, was prq>ared, aoconaing to the 

^ItT''"'.'^ ^^'""^ ^ nitrilotriacetic acid <m^, 
on 30 ml 24% aimonxum hydroxide, -to this was added 14.4 g MX), and 

the mixture was brought to boiling. After cooling to 50 --TO -C 
8.7 g nickel nitrate was added and the i,d.cture was diluted to „a 
with ^ter. 35 g of 200 -C dried silica spheres ^e thT 
Inpregnated with this xnixtxire and dried overnight at 120 -C Ihe 
composition of Catalyst E is also given in O^le 1. 
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TABLE 1 





Oonposition 


- Surface Area 




(ft w) 








MO 


Ni 




A {A1203) 


13.2 


2.7 


160 


B (SiOj) 


15.4 


4.6 


140 


C (Si02) 


10.6 


5.0 


136 


D (SiOj) 


13.8 


2.6 




E (Si02) 


15 


3 




EXAMPLE 2 









Bie catalysts A-E were heated to about 200 "C, presulphided 
aix3 oonpared to determine their relative hydrotreating activities 
= hydrogenation; HDN = hyclrodenitrification and HDS = 
5 hydxodesulphurizaticn) over the standard catalytically-cracked 

heavy gas oil having the feed properties described tereinabowe. Itor 
the tests 10.4 ml of 0.3-1 ma catalyst particles were placed in a 
microreactxnr and used to. contact the feed at 344 <»C, 58.7 bar, 
Hj/cil ratio = 4/1 and LHSV «= 2.0. Besults of the tests are shown 
10 in Table 2. 

TftWTj: 2 



Catalyst/ Relative activity 

(Si^port) H2 BEN HDS 



A 1.00 ± .03 1.00 ± .10 1.00 ± .10 

B 0.48 0.20 0.27 

C 0.92 0.93 0.78 

D 0.75 0.77 0.46 

E 0.95 1.12 0.88 
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The relative actxvxty of the ocnnercial alumina-based catalyst 

A, «as taJcen as 1.00 by definition. As can be seen from Table 2, 
the activity of the silica-tased catalyst B, prepared in the sane 
manner as that normally used for a camfercial alumina-based 
hydtotreatdng catalyst gave very poor results for all three (H,, 
HDN, BD6) hydrotreating activities. However, the Hdn activity 
. the siUca-based catalyst prepared according to the invention is 
within ejqjerimental error of the activity of a top quality 
comiBrcial alundna-tesed hydrotaneating catalyst. A, and nearly five 
times as active as a oonventionally prepared siUcaHaased.catalyst. 
Also catalyst D is nearly four tines as active as a oonventionally 
prepared silica-^jased catalyst. 

Catalyst E demonstrated an HCN activity even exceeding that of 
a top quality ooimercial aluiaina-4>ased hydrotreating catalyst A and 
vias nearly six tiroes as active as a conventionally prepared 
silica-based catalyst. Htds catalyst E «as also within experimental 
error of the activity and was only slightly below the HDS 
activity of the zaundna-^sed catalyst A. 
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CLAIMS 

1. Prcxjess for preparing silica-sci3ported catalysts cxantaining 
10-25 %w molidxienian and frcm 1-5 %w nickel and/or cobalt as 
hydrogenaticn metals \4iich emp rises iirpregnating a dried silica 
support with an aqueous solution or an aqaeous mixture obtained iay 
contacting a hydrogenation metal ocnixxind with a 
nitrogen-ccntaiziing organic ligand in the presence of water. 

2. Process according to claim 1, tiAierein the dried silica sui:port 
is inpregnated at elevated tenperature with the solution faxro step 
(d) vAiidi has been obtained hy:- 

(a) preparing a slurry of about equal quantities of MoO^ and ECTEA 
in water to provide from 10 to 25 %w of Mo on said sijpgxxct,; 

(b) adding from at least said equal quantity up to about a doiiDle 
quantity of (NH^)2O02 to the slxarry and mixing same; 

(c) adding about half as mK±i hydrazine to the mixture as the 
quantity of 0^54)2^3 added; 

(d) heating the ndxture from step (c) to a teitperature sufficient 
to fooft (NH^)2CMd204(EDTA)3 in a reasonable time; 

followed by drying the Mo-inpregnated silica at elevated tenperature? 
whilst the dried silica si^sport is inpregnated with a desired 
quantity of aqaeous nickel and/or oobalt salt solution either 
before or after the inpregnation with the solution from step (d) , 
and drying the Ni- and/or Co-inpregnated silica at elevated tenpera- 
ture. 

3. Process according to claim 1, herein the dried silica support 
is inpregnated at elevated tenperature with the solution frcm step 
(b) which has been obtained by:- 

(a) preparing a slurry of an amount of MoO^ and diethylene 
triandne in water to provide from 10 to 25 %w Mo on said 
support; 

(b) heating and mixing the slurry in sufficient water to dissolve 
the MC30^; 
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followed bir drying the Mo-iiipregnated silica at elevated tenperature; 
whilst the dried silica support is inpregnated with a desired 
quantity of aqueous nickel and/or octoalt salt solution either 
befoTB or after the inpregnation with the solution fran step (b) , 

5 ^ *T^g the Ni-M> or 00^ ixipregnated silica at elevated 
tenperature* 

4. Process acoarding to claim 1, vAerein dried silica suRort 
IS ixipnegnated at elevated tenperature with the aqueous inixture " 
from step (d) vrtiich has been obtained ty:- 
10 (a) dissolving an appropriate antount of nitrilotxiaoetic-acid in 
aiuiunlum hydrtaxide; 

(b) adding to the ndxture fron step (a) an amount of MoO to 
provide fian 10 to 25 %w Md cn said si^port; * 

(c) heating the mixture in step (b) until the reaction is 
15 substantially ccnplete; 

(d) oc»ling the inixture ton step (c) and adding an amount of 
nicdcel and/or cobalt salt to provide fran about 1-5 %w Ni 
and/or Oo on said si^jport; 

and drying the Ni-Mc>- and/or OD-«o-inpregnated silica at elevated 
20 tenperature. 

5. Process acoording to one or nore of the preceding claims, 
wherein the catalyst is heated to about 200 -C and sulphided before 
being used in a hydrotreating process. 

6. Process according to one or more of the preceding claims, 
wherein the ixipregnaticn mixtures contain sufficient catalytically 
active metals to provide ton 10-20 %w molybdenum and about 2-4 %w 
nictel on said support. 

7. Process aooordlng to claim 3, ,*ereln the molybdenum 
impregnation mixture is heated at about reflux tenperature of said 

30 mixture, 

8. Prooess according to one or nore of the preceding claims, 
wherein the MoO^ is MCO3, and the volume of the solution/mixture 
obtained is adjusted to about the pore volune of the silica sufport 
before inpregnating same. 



25 



BNSDOCID; <EP. 



.0181035A2J_> 



- 14 - 



01 81035 



9. Process acxx>rding to claim 5, vdierein the iirpregnated silica 
is dried at: about 200 and sul^diided before being used in a 
hydrotreatiiKf process. 

10. Process according to any one of the preceding claims, wherein 
5 use is nade of silica s^dieres as sii^jpbrt. 

11. Process aocoanding to any one of the preoeding claims, 
siibstanzially as described herein with particular reference to the 
Examples. 

12. A hy dr otreating catalyst conprising fron 10-25 %w mol^^sdemsQ 
10 and from 1-5 %w nickel and/or cobalt as hydrogenaticn metals 

stfsported cn silica vAienever prq>ared according to a process as 
claimed in one or more of the preceding claims. 

13. A hydrotreating catalyst conprising from 10-20 %w molybdenum 
and frora 2-4 %w nickel as hydrogenation metals supported on silica, 

15 \^ch catalyst has been pri^)ared by the process according to 
claim 8. 

14. A sulphided hydrotreating catalyst conprising from 10-20 %w 
mol>±)denum and from 2-4 %w nickel as hydrogenation metals and from 
about 10-20 %w suli^iur, %^ch catalyst has been prepared by the 

20 process aocx>rding to claim 5. 
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